Retrospective analysis of 93 bovine, ovine, and caprine cases diagnosed as listerial encephalitis revealed positive bacterial isolations in only 63% of 59 cases in which bacterial culture was attempted. Only 42% of 41 attempted bovine brain cultures were successful, compared with 67% from 6 sheep brains and 92% from 12 goat brains. Gram stains and Listeria-specific immunohistochemistry were evaluated as tools for verifying the presence of bacteria or listerial antigens in 38 animals. Sixteen of 17 animals in this group with positive bacterial isolations were immunochemically positive for listerial antigens (including 5/6 cattle), but Gram stains detected only 9/17 positive animals (including 1/6 cattle). Antigen was also detected in 15 of 21 animals (including 5/9 cattle) with unsuccessful or unattempted bacterial isolations. Of all 38 animals, the histologic diagnosis could be verified in 82% by immunohistochemistry, compared to 47% verified by Gram stains. Immunohistochemical testing was especially beneficial in locating antigen in lesions with few bacteria or bacterial antigens and is a rapid method of confirming the diagnosis of encephalitic listeriosis where inappropriate material is submitted for bacterial isolation or in culture-negative cases.
Encephalitis associated with Listeria monocytogenes infection is an important disease of ruminants worldwide. 1, 2, 19 Although Listeria infection also causes clin-ative cases, particularly those in cattle, can be associated with few or no bacteria in the lesions. Additional tools that might assist in diagnosis were used to test a ical syndromes of abortion or neonatal septicemia, en-subset of these submissions. cephalitis localized to the brain stem or spinal cord is Immunohistochemical techniques readily located the most common illness of adult animals. 2 In out-scattered bacteria or listerial antigens in many cases breaks of bovine listerial encephalitis, the fatality rate and were useful for confirming the diagnosis. The findis often high, with a clinical course of about 1 week, ings add to previous observations 16 of 2 bovine and but the infection rate within a herd rarely exceeds 1 or 16 ovine listeriosis cases, and we compared the ability 2 animals. 22 Among small ruminants, listerial enceph-of this diagnostic method with that of other methods alitis is more commonly described in sheep than in to detect Listeria in the various ruminant species. goats. 14, 18, 19, 24, 26 Ovine encephalitic listeriosis is generally characterized by rapidly progressive clinical dis-Materials and methods ease, and flocks commonly suffer mortality higher than Case retrieval. Cases diagnosed as listeriosis that were that observed in cattle. 1, 8, 12 Most ovine outbreaks are submitted to the University of Missouri Veterinary Medical associated with ingestion of silage. 4, 8, 10, 23, 25, 26 In Diagnostic Laboratory (VMDL) between January 1, 1986 goats, 1, 11, 18 affected animals are also often silage-fed and October 1, 1994 were retrieved from computerized recdairy animals, 1, 5, 13 although not universally. 7, 17 ords. Cases were reviewed, and the diagnosis was confirmed When histopathologically diagnosed cases of listeri-by observing characteristic microabscesses, malacia or miosis were examined among ruminant species submitted crogranulomas, and/or nonsuppurative perivascular inflamto our laboratory, there was comparative difficulty in Table 1 . Overall success of bacterial isolation in VMDL encephalitic listeriosis, 1986-1994. dilution of laprine antilisterial antiserum. 6, 16 The method was modified by the use of the avidin-biotin peroxidase technique for detecting sites of rabbit antibody attachment. A positive control, tissue from a known positive case of caprine listeriosis, was run with each group of slides. The degree of nonspecific staining was assessed by substituting normal rabbit serum in place of immune serum with each specimen.
Isolation and characterization of Listeria monocytogenes. Bacteriologic isolations were made from swabs of brain stem (4 cases) inoculated directly onto McBride's a medium or Listeria isolation medium b or from suspensions of brain stem (10% w/v) in brain-heart infusion broth (50 cases), c which were enriched by cold incubation (4 C for 30 days) prior to plating. Isolates were identified as Listeria monocytogenes by use of the Micro-ID panel, d CAMP/Esculin plates, and motility indole omithine tube medium. a,d
Results
Description of case records. Retrospective examination of records revealed a total of 93 cases of encephalitic listeriosis, the majority of which were bovine cases ( Table 1 ). In 37% of the submissions, bacterial cultures had not been done because appropriate sam-ples were not available. When bacterial isolations were attempted, there were striking species differences in the probability of success, ranging from 92% in goats to only 42% in cattle. When negative and untested cases were taken into account, the presence of Listeria could not be verified in 66% of the 93 cases (73% of 62 cattle, 67% of 12 sheep, and 42% of 19 goats). For these cases, the diagnosis was made solely on the appearance of histologic lesions.
A subset of 15 bovine, 11 ovine, and 12 caprine cases (total 38 affected animals) submitted between January 1, 1986 and June 30, 1993 was selected for further testing with Gram's stain and immunohistochemistry ( Table 2 ). Bacterial cultures had been attempted in 11 cattle (73%), 6 sheep (55%), and 8 goats (67%).
Cases in which bacterial isolation was attempted were examined first to determine how well either Gram staining or immunohistochemical detection of listerial antigens agreed with or extended bacterial isolation results. The percentage of successful bacterial isolations was somewhat less in bovine encephalitis than in ovine or caprine cases. Only 6/11 attempted bovine cultures were positive in this group (54%), compared to 4/6 ovine cases (67%) and 7/8 caprine cases (88%). These findings are similar to the overall results in Table  1 . Gram stains detected bacteria in a total of 9/17 culture-positive cases (53% agreement), and listerial immunohistochemistry detected antigens in 16/17 (94% agreement). The difference between the 2 techniques was especially marked in cattle: Gram staining confirmed only 1/6 isolation-positive bovine cases (17%), whereas bacterial antigens were detected in 5/6 (83%). In the sixth case, little lesioned tissue remained in the Table 2 . Success of Gram stain or immunochemical detection in confirming the histologic diagnosis of 38 cases of listerial encephalitis having positive, negative, or unattempted bacterial isolations. block at the time of immunohistochemical examination, which may explain the negative results.
Among the 38 cases examined were some in which bacterial isolation was either not attempted, through oversight or lack of appropriately handled specimens (n = 13) or was negative (n = 8). Bacteria were observed in 9 of these 21 unconfirmed cases by Gram's staining (43%), and listerial antigens were detected in 15 (7 1%) of lesions. Therefore, immunohistochemical staining supported the histologic diagnosis in 46% of cases where bacterial culture was negative and in 83% of cases where culture was not attempted. The disparity between immunohistochemistry and Gram's stain results was again greatest in bovine listeriosis, where Gram's stain identified 2/9 (22%) uncultured or culture-negative cases ( Table 1 ) and immunohistochemistry verified 5/9 (55%). The usefulness of immunochemistry was not as great in listeriosis of smaller ruminants because of the higher percentage of positive bacterial isolations, and there was better agreement between Gram's stain and isolation results. Immunohistochemistry did identify 2 cases that Gram staining did not and confirmed the diagnosis in 10 of 12 (83%) uncultured or culture-negative small ruminant cases.
Histologic lesions were used as the criterion of case selection. They were characteristic of listeriosis, i.e., limited to the brain stem and anterior spinal cord. 3 Microabscesses (Fig. 1A) or foci of malacia infiltrated by neutrophils were present in more acute lesions, usually towards the center of affected areas, and were the predominant type of histologic lesion in sheep and goats. Within or peripheral to these neutrophil-infiltrated foci, clusters of bacteria were often obvious in Gram's or immunohistochemically stained specimens (arrows, Fig. 1B ). Bacteria were often located in unidentified structures in the neuropil (Fig. 1B) , but intraneuronal bacteria were observed in a few lesions. Immunohistochemical means of identifying Listeria usually offered some advantage over Gram's stain in these specimens because listerial antigens present within leukocytes made positive foci more visible on low magnification (Fig. 1A) .
A number of histologic specimens were dominated by microgranulomas, rather than microabscesses, even in the centers of the specimens, and there were fewer bacteria ( Fig. 2A ) in these lesions. Because clusters of bacteria were uncommon, examination of gram-stained slides was more arduous, required a higher magnification, and identification of solitary bacteria was often uncertain. Listerial immunohistochemistry was particularly helpful in identifying individual bacteria in these lesions. Immunohistochemical methods also localized listerial antigens in the cytoplasm of leukocytes in which no bacteria were present (Fig. 2B ). Axons also rarely exhibited diffuse non-particle-associated staining, presumably either through leaching of antigens from bacteria after their in situ demise or because of axonal transport of listerial proteins from the periphery (Fig. 2C) .
The type of histologic lesion had little impact on the success of bacterial isolation, however. Positive isolations were as frequent if the histologic picture contained many microgranulomas or many microabscesses, as shown in Table 3 , which contains all the encephalitic listeriosis cases in which bacterial isolation was attempted. The isolation rate was low in cattle (38% and 48%) regardless of the type of lesion present. Microgranulomas were the sole or predominant histologic lesion in 16 of 41 bovine cases examined but Table 3 . Success* of Listeria isolation out of all listeriosis cases from VMDL records January 1986-October 1994 in which bacterial isolation was attempted.
were found in only 2 of 6 ovine and none of the 12 caprine cases.
Discussion
The usefulness of immunohistochemistry has previously been documented in diagnosing spontaneous listerial encephalitis in ruminants, 16 with a high correlation between positive staining and positive bacterial isolation. The majority of the animals in that series were sheep, whereas cattle and goats were more common in the present study. Our ability to make positive bacterial isolations in bovine cases was not good, as compared with that for small ruminants, and additional diagnostic procedures are helpful in confirming the etiology in cases with characteristic histologic lesions.
In both this and another study, 16 immunohistochemical techniques provided the most rapid method of diagnosis; cold enrichment procedures frequently needed for successful Listeria isolation require 30 days to complete. 15, 20 Sixteen of 18 cases of small ruminant listeriosis were eventually positive by bacterial culture, but less than half of the bovine cases could be confirmed. Cold enrichment was required for 11 of the 16 isolations made in our test series ( Table 2 , data not recorded for 1 case).
However, the recovery of Listeria in the absence of lesions is not diagnostic for listerial encephalitis. 9 Positive bacterial cultures were obtained from 4 goat brains in the absence of histologic lesions or clinical illness; tissue from these animals was immunohistochemically negative.
In instances where bacterial isolations were not successful or not done, Gram's stain confirmed the diagnosis of 8 of 12 cases in small ruminants but was helpful in only 2 of 9 similar bovine cases. Immunohistochemical staining was superior even in small ruminants, confirming 10 of the 12 small ruminant and 5 of 9 bovine cases. Immunohistochemical staining thus appears to be the most helpful tool in confirming the diagnosis of encephalitic listeriosis.
Histologic brain lesions in cattle were frequently extensive and severe but had a tendency to have fewer bacteria and fewer microabscesses than did those of small ruminants ( Fig. 2A ). Similar lesions have been documented in ovine listeriosis 27 and are common in cases treated with antibiotics. 21 In our bovine cases, insufficient information was available to accurately determine the duration of illness or to determine whether antibiotics had been administered in most cases. The more chronic clinical course of listeriosis in cattle as compared with small ruminants 2 may correlate with the nature of the lesions and allow destruction of most bacteria by the time that the animal is brought in for diagnosis. Insufficient information was available to test this hypothesis. With a more chronic clinical course, there is also more opportunity to initiate antimicrobial therapy. Such therapy may be less commonly attempted in sheep or goats because of their lower economic value and precipitous clinical decline.
Anti-Listeria immunohistochemical staining is useful in establishing or verifying the diagnosis of brain stem encephalitis in ruminants. Use of combined Gram's stain, immunohistochemistry, and bacterial culture still left some cases in which histopathological diagnosis was not confirmed. Despite this residua of negative cases, use of immunohistochemical techniques reduced the number of unconfirmed cases. This and the rapidity with which results may be obtained suggest that immunohistochemistry is a useful tool in confirming the diagnosis of encephalitic listeriosis in ruminants.
